To examine fatigue mechanisms in an unselected series of patients with excess fatigue ("effort syndromes") their muscle function was compared with that of normal subjects. Voluntary performance was assessed with a cycle ergometer to exhaustion and by maximal isometric contractions of the quadriceps femoris. The mean maximal heart rate in patients during ergometry was 89% of the predicted rate, and quadriceps strength was either normal or was inappropriate for the available muscle, which suggested submaximal effort. Contractile performance was examined in the absence of volition with stimulated contractions of the adductor pollicis. During stimulated fatiguing activity patients were neither weaker nor more fatigable than controls; thus the excess fatigue experienced by the patients was not due to a defect of the contractile apparatus. The increased perception of effort must therefore be due to impairment of central rather than peripheral mechanisms.
Introduction
"Effort syndrome" is an ill defined diagnostic term embracing various disorders including breathlessness and effort intolerance,' Da Costa's syndrome,2 vasoregulatory asthenia and neurasthenia,34 and postviral fatigue syndromes,5 including myalgic encephalomyelitis6 (Royal Free disease7). There is no reliable, objective method for confirming the diagnosis, which must therefore rely on clinical criteria alone. The most common symptoms are weakness and excessive fatigue, which are often worse after exercise.4 Some patients also complain of lassitude, lack of mental drive and concentration, muscle pain, and an intermittent feeling of general ill health that can be so incapacitating that everyday activities cannot be performed. Owing to their poor cardiovascular fitness patients may also experience during everyday activities symptoms (such as tachycardia) usually associated with intense exercise.3 Some patients show evidence of chronic infection with enterovirus (such as Coxsackie B), but even some patients reported as having the postviral fatigue syndrome have the symptoms without having had a viral infection.' In one study most patients with postviral fatigue showed abnormal electrophysiological activity which seemed to indicate disturbed excitation of the sarcolemmal membrane.9 This observation, however, cannot entirely be explained by the presence of a virus as the same abnormality occurs with atrophy caused by disuse.9
A recent review of the postviral fatigue syndrome highlighted the flaws in previous studies-namely, the failure to define and study fatigue Fatigability was studied in the adductor pollicis as the whole muscle can be safely stimulated supramaximally through its motor nerve. Details of the equipment used and experimental procedure have been given elsewhere. 14 Briefly, before all experiments, the temperature of the muscle was standardised by warming the hand and forearm in a water bath at 450C for 10 minutes; this temperature was maintained throughout the experiment with a lamp. Stimulated twitches (1 Hz) were used to locate the optimum site and voltage for supramaximal stimulation of the ulnar nerve at the wrist. The computer driven stimulator delivered trains of stimuli in a set pattern offrequencies of 1, 10, 20, 50, 100, and 1 Hz for one second each (except that 10 Hz was given for two seconds). The isometric forces that resulted were measured by a strain gauge connected to the proximal phalanx of the thumb by an inextensible band. The force signal was also differentiated with respect to time and was used to calculate the maximum relaxation rate (that is, the maximum proportion of force lost in 10 ms) after stimulation at 100 Hz.'8 Surface electromyography over the adductor pollicis was used to measure excitation (the amplitude of compound muscle action potential). Simultaneous oscillographic recordings of force, force differential (relaxation rate), and excitation were termed the programmed stimulation electromyogram. 4 9 Contractile properties were examined during the fatiguing activity with and without arterial occlusion. Nine patients and nine controls underwent fatiguing activity with arterial occlusion. A baseline program 12 Comparisons between patients and normal subjects were made with the two sample t test.
Results
In the exercise test with the cycle ergometer the maximum heart rate predicted for the controls was 190 (SD 2) beats/min and that attained was 190 (14) beats/ mmn-that is, 100 (7)% of the predicted rate. In the patients the predicted maximum heart rate was 186 (5) beats/min but the rate reached at exhaustion was only 166 (22) beats/min-that is, 89 (12)% of the predicted rate. Figure 1 shows the maximal voluntary contractions of quadriceps in relation to body weight for the 22 patients. Voluntary efforts did not cause pain in any participant. All patients who generated forces at or below the lower end of the normal range showed increases in force when twitches were interpolated. Results for the controls were within the normal range given by Edwards et al. '3 The programmed stimulation electromyogram for unfatigued muscle in the patients was similar to that in normal subjects'4 and the curves relating frequency and force were identical (fig 2) . The mean maximum Changes in force during occluded activity depended on the frequency of stimulation as previously described by Cooper et al'4 and were similar in the two groups ( fig   2) . Decreases in excitation also depended on frequency and were similar in both groups (table) . At the end of activity the maximal relaxation rate fell to 17 (5)% of that in unfatigued muscle in the patients and to 16 (5)% of that in the controls. After 15 minutes of recovery the 20:50 Hz ratio was 0-57 (0-05) in the patients and 0-53 (0 06) in the controls, indicating fatigue at low frequencies of stimulation.20 Neither of these differences was significant.
The force of contraction and amplitude of excitation fell similarly in the patients and controls during activity without occlusion ( (9) 42 (9) 1Hz 76 (14) 73 (19) None of the differences between groups was significant. *Measurements made during arterial occlusion in nine patients and without occlusion in six. tMeasurements made in nine controls.
in the patients and to 54 (5)% in the controls. After 15 minutes' recovery the 20:50 Hz ratio was 0 50 (0 1) in patients and 0 50 (0-06) in the controls. Neither of these differences was significant.
Discussion
Our results clearly indicate that contractile properties of skeletal muscle and recovery of muscle after activity are normal in patients with effort syndromes. Abnormalities of performance occur only during voluntary activity, thereby indicating impairment of central mechanisms.
In normal subjects maximal force may be achieved both by voluntary activity and with supramaximal stimulation of the motor nerve.'2 Our finding that the stimulated strength of the adductor pollicis in patients was similar to that in normal subjects therefore implies a normal strength on voluntary movement. In patients who showed weakness of the quadriceps the positive response to interpolation of twitches pointed to submaximal effort rather than intrinsic weakness. These "weak" patients also showed considerable variability on repeated testing compared with patients with normal strength. Failure to produce maximal voluntary force can be due to a lack of motivation or to pain or fear of pain."' Reduced activation may be due to reflex inhibition by afferent activity arising from damaged painless joints.22 None of the patients in our study complained of pain during isometric testing or had clinical evidence of joint disease. Nevertheless, afferent activity arising from muscle itseff may also cause reflex inhibition during activity.23 As immunological abnormalities have been observed in some patients with postviral fatigue a virus or an inflammatory reaction in the muscle might give rise to afferent stimuli that produce alterations in motor neurone drive824; the persistence of symptoms may thus be a learnt response to a stimulus that is no longer present.
This study failed to show electromyographic changes, although previous findings suggested an abnormality of the sarcolemmal membrane.9 Acute viral infections can affect neuromuscular transmission with reduced voluntary strength and endurance, but a full recovery is expected.2527
Subjects who exercised on a cycle ergometer stopped the exercise when the effort was no longer bearable. The patients who did not reach their predicted maximum heart rates were those who also showed central weakness on testing of the quadriceps on voluntary movement, which suggests that the reduced maximal capacity may be due to reduced tolerance of effort symptoms.
Reduced generation of force at low frequency, which persists for some hours after exercise in normal muscle (low frequency fatigue20), is associated with increased activity of motor neurones for a given force2829 and with increased perception of effort.303' Whether the increased perception is the cause or result of the increased motor neurone activity is not known. In our study the 20:50 Hz ratios and curves relating frequency and force for the patients with effort syndromes were identical with those for the normal subjects, ruling out an excess of low frequency fatigue as a cause of the patients' symptoms.
Great caution is needed in interpreting the results of this study and drawing conclusions about treatment as the findings clearly point to lack of central drive or motivation. It is all too easy to adopt an unsympathetic attitude, which is unhelpful to the patient, who may be offended and subsequently become suspicious of any physician or psychiatrist. Medical practitioners must remain open minded about the causes of effort syndromes; for instance, this study does not exclude the possibility of afferent activity from muscle impairing voluntary performance.
Even if a virus is detected in serum and perhaps in muscle could the results of this study be used to help treat patients, and what advice should they be given? Patients are often told simply to rest, but resting may aggravate the symptoms by causing cardiovascular unfitness. The patients with effort syndromes in this study had muscle that responded normally to exercise even though they experienced fatigue prematurely. This evidence can be used to reassure patients that it is safe to exercise, even though exercising may make them feel worse. Anxiety about tachycardia and breathlessness can therefore be allayed, and the vicious cycle of unfitness and fatigue4 can be broken by carefully and gradually increasing the amount of activity.
For patients who either do not respond to or are unwilling to try this approach to treatment further consideration of psychological influences may be necessary. Psychological factors often complicate effort syndromes, particularly if the patient has suffered from lack of understanding from family, friends, and medical practitioners. Such psychological problems should be identified by careful assessment and treated. Whatever the causes of effort syndromes, a coping strategy is required while there is no specific treatment. Behavioural therapy using the principles for managing chronic pain may prove useful for increasing tolerance to exercise. An integrated approach giving advice on exercise as well as psychological support" seems most helpful in returning these patients to normal functioning.
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